_(f"b)

a | 7 525
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\

OFFICE OF NAVAL RESEARCH

FINAL REPORT
Goalé, Accomplishments, Personnel
for
Contract: N00014-88-K-0556
R&T Code 4135021

Structural Synergism in Functionalized Polymers:
New Catalysts for Transacylation Reactions of Derivatives
of Carboxylic and Phosphoric Acids

Wilmer K. Fife
Martel Zeldin
Department of Chemistry
Indiana University-Purdue University at Indianapolis
1125 East 38th Street
Indianapolis, IN 46205

Reproduced From
Best Available Copy

June 1, 1991
., 92-29
9% 1116 071 m:fﬁ.mmmxr:.mmvm



R N A s SN e

R B LR A R s IR i

REPORT DOCUMENTATION PAGE

Form Approved
OM8 No. 0704-0188

Pubii reporting burden 1or thy coilection
Qethenng and maintaining 1he dats needed, and completing and revie wing thy
coliection of information, including suggestions for reducing this burden. 1o W
Davis Highway, Suite 1204, Arlington, VA 222024307, and (G the Oftice of Ma)

of information i estimated to avtnm‘ 1 hou® per respore, intluding

ashington Headquarters Services, Direclorete
Nagement and Bud jet, Paperwork Reduction Project (0704-0188), Weihington, DC 20503,

o

the Lime for reviewing instructions, searching eanting dets sources,
¢ <ollection of «tnformation. Send comments n?ardmg this burden exlimate or any other aspect of this
* Intormation Operstions and Reports, ,u\s ietlerson

1. AGENCY USE ONLY (leave blank) |2, REPORT DATE
1 June 91

Final Report

3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE

for Transacylation Reactions of Derivati!
and Phosphoric Acids .

Structural Synergism in Functionalized Polymers:
es of Carboxylic

New Catalysts

. AUTHOR(S}

Wilmer K. Fife and Martel Zeldin

S. FUNDING NUMBERS
C-N00014-88-K-0556
R&T Code 4135021

. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Department of Chemistry
1125 East 38th Street

Indiana University-Purdue University at Indianapolis

8. PERFORMING ORGANIZATION
REPORT NUMBER

Final Report No. 1

Department of the Navy
Arlington, VA 22217-5000

Indianapolis, IN 46205
¥ NAME(S) AND ADDRESS(ES 10. SPONSORING / MONITORING
9. SPONSORING / MONITORING AGENC ME(S) (€S) AGINCT REPORINUMBER
Office of Naval Research

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

with this project.

The final report summarizes the goals, accomplishments and personnel associated

14, SUBJECT TERMS

15. NUMBER OF PAGES

16. PRICE COOE

17. SECURITY CLASSIFICATION 18. SECURITY CI.ASQHCATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Undassified

NSN 7540-01-280-5500

Standard Form 298 (Rev 2-89)
Prescribed by ANSI Std 23918
298-102




e R o G iy B S s i B e B s s, st 8 or S - s

L Description of Project

This project has focused on the develppment of new highly-efficient, selective
catalysts for widely-used commerdal and biological reactions of carboxylic and
phosphoric acids and their derivatives. The first phase of the project included the
dcsign and synthesis of linear, water-soluble polymers that are expected to self-organize
in aqueous solution to form lipophilic substrate-binding domains adjacent to catalytic
sites effective in transacylation reactions. Progress toward these objectives was
summarized in End-Of-The-Year Report dated May 21, 1990.

The second phase of this work has dealt with the continuing evaluation of
synthetic cata:ysts and the development of new methods for detailed structural
characterization of these polymeric materials. Prof. R.G. Cooks (Purdue University, West
Lafayette, IN) has been a key collaborator in this effort. The ultimate aim of this phase of
the investigation is to ascertain the limits of substrate-selectivity for linear, synthetic

i . Progress toward these goals is summarized in End-Of-The-Year
Report dated May 21, 1991. '

II. Summary of Accomplishments

The major accomplishments are summarized in Section Part II (e) of the End-O-
The-Year Reports of 1990 and 1991. Details of the investigation to-date are contained in
seven papers published in refereed journals, one patent, four non-refereed papers and
fourteen ONR technical reports. These papers are summarized by author, title and
journal below: '

A. Papers Published in Refereed Journals

1. M. Zeldin, W. K. Fife, C.-x. Tian and!Y. Xin, "Siloxanes with 1-Oxypyridiri-3-yl
Groups. Part 6. Synthesis of Copol&mers and Application as Transacylation
Catalysts," British Polymer Journal, 21, 481-486 (1989). Additional support is
acknowledged from the National Sclence Foundation for funds to purchase
thermal analysis equipment (Grant No. CHE 84-10779).

2. S. Rubinsztajn, M. Zeldin and W.K. Fife, “Synthesis and Characterization of 3-
Pyridinyl Substituted Ethoxysilane Monomers,” Syntbesis and Reactivity In
Inorganic and Metal-Organic Chemistry, 20 (4), 495-502 (1990). Additional
support is acknowledged from NSF for funds to purchase thermal analysis
equipment (Grant No. CHE 84-10779).

3. P. Ranganathan, M. Zeldin and W.K. Fife, Thermal Properties of N-Substituted 4-
Vinylpyridinium Ions and Their Polymers, J. Polym. Sci.: Part A: Polym. Chem.
Ed. 28, 2711-2717 (1990). Additional support is acknowledged from NSF for funds
to purchase thermal analysis equipment (Grant No. CHE 84-10779).

4, S. Rubinsztajn, M. Zeldin and W.K. Fife, "New Transacylation Catalysts. Silanes and
Siloxanes Functionalized with 4-(Dialkylamino)pyridine Moieties,"
Macromolecules, 23, 4026-4028 (1990). Additional support is acknowledged fro
Reilly Industries. '
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K.K. Kasem, W.K, Fife, M. Zeldin and C:R. Leidner, "Lipophile Exchange
Membranes as Electroactive Assemblies on Electrode Surfaces," J. Electroanal.
Chem., 296, 221-231 (1990). Additional support Is acknowledged from Purdue
Research Foundation.

- W.K. Fife, P. Ranganathan and M. Zeldin, "A Gencral Synthesis of 1-Alkyl-4-

vinylpyridinium Ions. Alkylation of 4-Vinylpyridine with Primary Alkyl Triflates,” -
J. Org. Cbem. S5, 5610-5613 (1990). Additional support is acknowledged from -
Reilly Industries.

S. Rubinsztajn, M. Zeldin and W.K. Fife, "Synthesis, Characterization and Solubility
Behavior of Polysiloxanes with 4-(Dialkylamino)pyridine Functions,"
Macromolecules, 24, 2682 (1991).

Patents Granted

Martel Zeldin, Wilmer K. Fife and Slawomir Rubinsztajn, "Aminopyridyl Silanes,"
US Patent No. 4,997,944, Issue Date:- Mar. 5, 1991

Technical Reports Published (ONR Technical Reports) and Papers
Published in Non-Refereed Journals

Wilmer K. Fife, Prema Ranganathan and Martel Zeldin, "Synthesis, Characterization
and Polymerization of 1-Alkyl-4-vinylpyridinium Salts," Polym. Repr. Am. Chem.
Soc. Div. Polym. Chem., 30(2), 123-124 (1989). Additional support is
acknowledged from Reilly Industries, Indianapolis, IN.

Martel Zeldin, Wilmer K. Fife, Slawomir Rubinsztajn and Cheng-xian Tian,
*Siloxane Polymers and Copolymer? with Pendant 1-Oxpyridin-3-yl Groups as
Transacylation Catalysts, "American (Chemical Society Division of Polymeric
materials: Science and Engineering, Abstracts, 61, 99-100 (1989). Additional
support is acknowledged from Reilly Industries, Indianapolis, IN.

Martel Zeldin, Wilmer K. Fife, Cheng-xian Tian and Yue Xin, "Siloxanes with 1-
Oxpyridin-3-yl Groups, Part 6. Synthesis of Copolymers and Application as
Transacylation Catalysts," (ONR Technical Report No. 1, 6 pages). Additional
support is acknowledged from the National Science Foundation for funds to
purchase thermal analysis equipment (Grant No. CHE-84-10779).

Martel Zeldin, Wilmer K. Fife, Slawomir Rubinsztajn and Cheng-xian Tian,
*Siloxane Polymers and Copolymers with Pendant 1-Oxpyridin-3-yl Groups as
Transacylation Catalysts," (ONR Technical Report No. 2, 3 pages). Additional
support is acknowledged from Reilly Industries, Indianapolis, IN.

Wilmer K. Fife, Prema Ranganathan and Martel Zeldin, "Synthesis, Characterization
and Polymerization of 1-Alkyl-4-vinylpyridinium Salts," (ONR Technical Report
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No. 3, 3 pages). Additional support is acknowledged from Reilly Industries,
Indianapolis, IN.

Slawomir Rubinsztajn, Martel Zeldin and Wilmer K. Fife, "Synthesis and
Characterization of 3-Pyridinyl Substituted Ethoxysilane Monomers,” (ONR
Technical Report No. 4, 10 pages). Additional support is acknowledged from the
National Science Foundation for funds to purchase thermal analysis equipment
(Grant No. CHE 84-10779). .
Prema Ranganathan, Wilmer K. Fife and Martel Zeldin, *Thermal Properties of N-
Substituted 4-Vinylpyﬂdirﬁum lons and Their Polymers," (ONR Technical Report
No. 5, 11 pages).  Additional suppott is acknowledged from the National Science
Poungaﬂon for funds to purchase thetmal analysis equipment (Grant No. CHE 84-
10779,

|

Martel Zeldin and Wilmer K. Fife, "Aminopyﬂdyl Silanes and Siloxanes,” (ONR
Technical Report No. 6, 41 pages). .

Wilmer K. Fife, Martel Zeldin and Slawomlr Rubinsztajn, *Polymeric Catalysts with
Enzyme-Like Propertles Proceedings of 1990 US Army CRDEC Scientific
Conference on Chemical Defense Research, Aberdeen Proving Ground, MD, Nov.
1990, in press.

Wilmer K. Fife, Martel Zeldin, Yue Xin and Carol Parish, "Copolymerization in
Self-Organized Systems,* Polym. Prepr. Am. Chem. Soc. Div. Polym. Chem.,
32(1), 579 (1991).

Kasem K. Kasem, Wilmer K. Fife, Martel Zeldin and Charles R. Leidner, "Lipophile
Exchange Membranes as Electroactive Assemblies on Electrode Surfaces," (ONR
Technical Report No. 7, 11 pages). Additional support is acknowledged from
Purdue Research Foundation.

Slawomir Rubinsztajn, Martel Zeldin and Wilmer K. Fife, "New Transacylation
Catalysts: Silanes and Siloxanes Functionalized with 4-(Dialkylamino)pyridine
Moieties,” (ONR Technical Report No. 8, 2 pages). Additional support is
acknowledged from Reilly Industries.

Wilmer K. Fife, Prema Ranganathan and Martel Zeldin, "A General Synthesis of 1-
Alkyl-4-vinylpyﬁdinium Ions. Alkylation of 4—V’mylpyridlne with Primary Alkyl
Triflates," (ONR Technical Report No. 9, 4 pages). Additional support is
acknowledged from Reilly Industries.

Slawomir Rubinsztajn, Martel Zeldin and Wilmer K. Fife, "Synthesis,
Characterization and Solubility Behavior of Polysiloxanes with 4-
(Dialkylamino)pyridine Functions," (ONR Technical Report No. 10, 7 pages).

Leo Z. Vilenchik, Slawomir Rubinsztajn, Martel Zeldin and Wilmer K. Fife,
"Characterization of a Single Sample of an Unknown Polymer by Size Exclusion
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Chromatography,* (ONR Technical Report No. 11, S pages). Additional support is
acknowledged from Reilly Industries.

Wilmer K. Fife, Martel Zeldin and Slawomir Rubinsztajn, "Polymeric Catalysts with
Enzyme-Like Properties," (ONR Technical Report No. 12, 7 pages).

Wilmer K. Fife, Martel Zeldin, Yue Xin and Carol Parish, "Polymerization in Self-
Organized Systems,” (ONR Technical Report No. 13, 3 pages).

Wilmer K. Fife, Slawomir Rubinsztajn and Martel Zeldin, "A Synthetic p-
Nitropheny! Esterase with Remarkable Substrate Selectivity," (ONR Technical

Report No. 14, 14 pages).

Personnel

Post-Doctoral Fellows:

Graduate Students:

Undergraduate Students:

|
Ying Hu (FulD
Prema Ranganathan (Full)
Slawomir Rubinsztajn (Full)

Eric Granger (Partial)
Laurie Lawin (RulD)

Carol Parish (Partial)
Yue Xin (PartiaD
Zheng-Yun Zhan (Partial)

Martin Kuntz
Michael Ranjbar
Donica Schwomeyer
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